The development of high yielding cotton hybrids is essential to meet the current cotton demands. On the other hand, the cotton ratooning allows to obtain maximum seed yields with early maturity of plant. Therefore, the present study was aimed to investigate the per se performance, ratooning ability and heterosis effects for yield and yield contributing traits in 28 novel hybrids through line x tester analysis by considering four varieties as lines and seven varieties as testers. Significant variability was observed for all investigated traits excluding the number of monopodial branches and boll weight traits in parents and their 28 hybrids. Among the parents, TSH 0499 and TSH 04/115 exhibited a fair performance for yield and yield contributing traits and SURABHI, TSH 0250 and VS 9-S11-1 expressed superior ratooning ability. Therefore, these parents have a potential to be exploited for the development of the efficient cotton hybrids. Among the tested F 1 hybrids, TSH 0499 x TCH 1777, BGDS 1063 x TCH 1819, TSH 0499 x TCH 1819 and TSH 04/115 x SVPR 4 hybrids recorded superior performance for number of bolls, boll weight, lint index and seed cotton yield in first crop, respectively. The hybrids ARBC 19 x TSH 0250, TSH 0499 x SURABHI , TSH 0499 x TSH 0250 and TSH 0499 x TCH 1705-101 displayed good ratooning performance for number of bolls, boll weight, lint index and seed cotton yield, respectively. All the hybrids expressed a range of significantly positive and negative heterosis for tested traits. However, the observed negative heterosis for seed index is desirable since the hybrids produce more lint. The results of this study would give insights into the understanding of genetic variance present in the intra-hirsutum hybrids.
Introduction
Cotton is highly accessible to the improvement of genotypes as varieties with the huge amenability for exploitation of heterosis at commercial scale. Therefore, utilization of hybrids is one of the means for improvement of the yield and other yield contributing traits in cotton. Heterosis is a fundamental tool in development of any crop in the form of F 1 generation which provides knowledge about the desirable parental combinations in any breeding programmes 1 . World's first hybrid H4 is the fabulous example for successful utilization of hybrid vigor on commercial scale.
Many researchers reported hybrid vigor for yield and yield contributing characters in intra-hirsutum cotton hybrids 1, 2, 3 . The significant heterosis for seed cotton yield and yield attributing traits like number of sympodia, number of bolls per plant and boll weight is desirable in upland cotton 2, 3 . Albeit the release of numerous hybrids during last decade has increased the productivity of cotton, the yields of hybrids however appear to have reached stagnation 2, 3 . This might be due to lack in identification or development of specific combiners for important yield contributing characters in hybrid populations and use of less diversified genotypes in hybridization programme. Therefore, for commercial exploitation of heterosis in cotton, pre-requisites are identification of parents which show good heterosis on crossing and production of high yielding hybrids.
Ratooning ability of cotton is the ability to maintain seed yield and fibre qualities as the ratoon crops increases. The primary application of cotton ratooning is the achievement of high seed yield, in order to minimize the cost burden on the procurement of seed material. The costs of growing a ratoon crop of cotton are less than the costs of growing a first crop and also the time required for flowering is less in ratoon crop than the first crop 4 . The major reasons for the decline in yield of the ratoon crops are genotypic and morphological differences in varieties which act either singly or in combination 4 . A variety can be considered to have the good ratooning ability when it can maintain the yield similar to the first crop 4 .
Owing to the paramount significance of heterosis and ratooning in the development of high yielding cotton hybrids, the present study was undertaken in line x tester design using 4 lines, 7 testers and their resultant 28 hybrids to identify best performing cross combinations with an objective to estimate ratooning ability and heterosis. The heterotic effects such as relative heterosis, heterobeltiosis and standard heterosis were estimated in order to evaluate the genetic potential and variability present in the parents and hybrids for various yield contributing characters.
Materials and Methods

Genetic Materials
Four cultivated varieties of Gossypium hirsutum viz., TSH 0499, TSH 04/115, BGDS 1063 and ARBC 19 and seven cultivated varieties of Gossypium hirsutum viz., SURABHI, SVPR 4, TCH 1705-101, TCH 1777, TCH 1819, TSH 0250 and VS 9-S11-1. These cultivars were cultivated in southern states of India, and collected from the Department of Cotton, Tamil Nadu Agricultural University (TNAU), Coimbatore, Tamil Nadu, India.
Experimental Design and Field Procedures
A field experiment was conducted to evaluate the Mean performance and ratooning ability for yield and yield contributing traits. The cotton cultivars were evaluated in a randomized block design (RBD) with two replications at Department of Cotton, TNAU, Coimbatore, India. The twenty eight hybrids was grown with a spacing of 90 x 60 cm during Rabi 2016 -17 and considered that crop as first crop. The first crop was pruned with garden shears (Gowmathi Agro Instruments Pvt Ltd. India) at a height of 30 cm above ground level. Weak and dried shoots were thinned out from the pruned stumps and then earthed up and considered as a ratoon crop and allowed to grow during Kharif 2017. The plant protection measures taken for the ratoon crops was similar to the first crop.
Sampling, Traits Measurements and Data Analysis
Data were recorded on five unbiasedly selected plants per replication for all the characters viz., days to first flowering (DFF), plant height (PH), number of monopodial branches per plant (NM), number of sympodial branches per plant (NS), number of bolls per plant (NB), Boll weight (BW), Seed cotton yield per plant (SCY), lint index (LI), seed index (SI) and ginning out turn (GOT). The means for all the observed parameters were worked out and further subjected to analysis of variance and heterosis from the replicated data worked out using the AGRISTAT statistical analysis software (TNAU Coimbatore).
Calculation of Ratooning Ability
Ratooning ability (RA) is defined as RA i = 100 RC i / FC i . The RA of trait 'i' is defined as the ratio of the ratoon crop (RC) yield for trait 'i' to the first crop yield (FC) for trait 'i' and expressed as a percentage. A modified form of sugarcane ratooning ability equation was applied to cotton, because here, cotton was allowed for a single ratoon crop, unlike sugarcane. Therefore, the second ratoon (SR) present in the sugarcane ratooning ability equation is replaced by ratoon crop (RC) of cotton to calculate the cotton ratooning ability 4 .
Results and Discussion
Analysis of Variance
Analysis of variance for randomized block design was carried out to evaluate the significant differences among the genotypes in first crop and ratoon crop. Results suggested that the existence of considerable genetic variation in all yield and yield contributing traits. The significant variation was observed for all the traits excluding the traits namely number of monopodial branches per plant and boll weight ( Table 1) . Similar results were reported by Ranganatha et al., (2013) 5 . Number of bolls per plant, BW: Boll weight (g), SCY: Seed cotton yield per plant (g), SI: Seed index, LI: Lint index, GOT:
Ginning out turn (%).
Mean performance and ratooning ability of parents Improvement of yield and other advantageous traits involves selection of parents which is considered as the crucial objective in any of the breeding programme. Information on per se performance of characters is necessary for selection of parents for developing hybrids. Parents expressed significant differences for the number of bolls per plant, boll weight, lint index and seed cotton yield per plant in both first crop and ratoon crop. Among the parents, TSH 0499 and TSH 04/115 parents recorded the highest mean performance and remaining parents showed the lowest mean performance for number of bolls per plant, boll weight, lint index and seed cotton yield per plant in both first crop and ratoon crop. In case of ratooning ability, SURABHI, TSH 0250 and VS 9-S11-1 parents expressed highest ratooning ability and remaining parents documented lowest ratooning ability for investigated traits (Table 2) . 
Mean Performance and Ratooning Ability of Intra-hirsutum Hybrids
The mean performance is the primary criterion to evaluate the value of a hybrid and it is a useful index for judging the potential of hybrids 6, 7 . Promising hybrids displayed significant differences in the number of bolls per plant, boll weight, lint index and seed cotton yield per plant in both first crop and ratoon crop. The results show that the hybrids ARBC 19 x TCH 1705-101 and TSH 0499 x TCH 1777 recorded minimum (22.17 and 10.34 %) and maximum (50.15 and 19.45 %) values for the number of bolls per plant in first crop and ratoon crop. Overall, nine hybrids in first crop and nine hybrids in ratoon crop were significant over mean value. Among the twenty eight hybrids, the hybrid ARBC 19 x TSH 0250 displayed the highest ratooning ability (65.20 %) and TSH 0499 x SURABHI expressed the lowest ratooning ability (29.42 %) ( Table 3) . Boll weight in first crop ranged from 3.12 g (BGDS 1063 x TCH 1705-101) to 6.10 g (BGDS 1063 x TCH 1819), whereas in ratoon crop the minimum and maximum values recorded were 2.10 g in ARBC 19
x TCH 1819 and 3.89 g in TSH 0499 x SURABHI. Seven hybrids in first crop and seven hybrids in ratoon crop revealed significant higher boll weight than overall mean value. The same hybrid TSH 0499 x SURABHI (98.48 %) was showed the highest ratooning ability and the same hybrid ARBC 19 x TCH 1819 (41.58 %) displayed the lowest ratooning ability (Table 3 ). In first crop the hybrids BGDS 1063 x TCH 1705-101 and TSH 0499 x TCH 1819 recorded the minimum and maximum lint index of 5.21 to 7.75, respectively and where as in ratoon crop the same hybrid TSH 0499 x TCH 1819 (6.24) recorded the highest lint index and BGDS 1063 x VS 9-S11-1 (4.70) displayed the least lint index. Six hybrids in first crop and seven hybrids in ratoon crop showed significantly superior lint index to the overall mean. The hybrid BGDS 1063 x TCH 1777 (71.64 %) documented the lowest ratooning ability and TSH 0499 x TSH 0250 (98.69 %) showed the highest ratooning ability (Table 3) .
Seed cotton yield per plant in the first crop was ranged from 98.17 g (BGDS 1063 x TCH 1777) to 227.50 g (TSH 04/115 x SVPR 4). In case of ratoon crop, the cross combinations BGDS 1063 x TCH 1705-101 and TSH 0499 x TCH 1705-101 exhibited the lowest (68.71 g) and the highest (99.90 g) values for the same trait. Nine hybrids in first crop and three hybrids in ratoon crop documented significant higher seed cotton yield over mean value. The ratooning ability was ranged from 34.15 % (TSH 04/115 x SVPR 4) to 90.65 % (TSH 0499 x TCH 1705-101) ( Table 3 ). The results indicating that the highest ratooning ability was due to the superiority expression of the traits in ratoon crop, while lowest ratooning ability was due to a high reduction of the yield in the traits of ratoon crop 4 . Generally, the changes in ratooning ability and ratoon crop yields are not necessarily to be correlated 8, 9 . Cotton yield and all of its attributes were significantly affected by crop age 4, 8 . The genotype by crop age interaction was significant for all studied traits, indicating that hybrid performance differed among the crop cycles. Various studies reported that genotype by crop interaction was important for yield and its contributing traits 10, 11, 12 . The evaluated genotypes significantly differed in their ratooning ability for all studied traits and a similar phenomenon has been reported for sugarcane ratooning 4, 13 .
Relative Heterosis in Intra-Hirsutum Hybrids
In first crop, the highest positive relative heterosis was observed for SI (112 % in TSH 04/115 x TSH 0250) while the DFF recorded the lowest value (3.17 % in TSH 0499 x TCH 1777) (Fig.1) . Nonetheless, the negative relative heterosis was also observed for all the tested traits except for NS. The maximum negative relative heterosis was detected for NM (-47.37 % in BGDS 1063 x TCH 1777) whereas the SI documented the least negative relative heterosis (-5.37 % in BGDS 1063 x TCH 1705-101) (Fig. 1) . In case of ratoon crop, the highest positive relative heterosis was detected for PH (70 % in TSH 04/115 x SURABHI) while the traits DFF and GOT recorded the lowest values (~3.5 % in TSH 0499 x TSH0250 and TSH 0499 x TCH 1819) (Fig. 2) . Conversely, the negative relative heterosis was also observed for all the tested traits. The maximum negative relative heterosis was detected for NM (-47 % in BGDS 1063 x TCH 1777) whereas the DFF recorded the lowest negative relative heterosis (-5.23 % in BGDS 1063 x SURABHI) (Fig. 2) . (Fig. 3) . However, the trait LI did not show positive heterobeltiosis at all. On the other hand, all the tested traits were showed negative heterobeltiosis. The maximum negative heterobeltiosis was detected for NM (-42.63 % in TSH 0499 x TCH 1819) whereas the traits DFF and GOT documented the least negative heterobeltiosis values (appox. -6 % in ARBC 19 x TSH 0250) (Fig. 3) . In case of ratoon crop, the highest positive heterobeltiosis was detected for PH (60.75 % in TSH 04/115 x SURABHI) while the traits DFF recorded the lowest value (-5.13 % in ARBC19 x TCH 1777) (Fig. 4) . Conversely, the negative heterobeltiosis was also observed for all the tested traits. The maximum negative heterobeltiosis was detected for NM (-47.08 % in TSH 0499 x TSH 0250) which can contribute to high yields. Whereas the DFF recorded the lowest negative heterobeltiosis (-5.87 % in ARBC 19 x TSH 0250) (Fig. 4) . (Fig. 5) . Conversely, the negative standard heterosis was also observed for all the tested traits. The maximum negative standard heterosis was detected for SI and LI (approx. -30 % in BGDS 1063 x VS 9-S11-1 and BGDS 1063 x SVPR 4) whereas the traits DFF, NM and SCY documented the least negative standard heterosis values (approx. -8 % in ARBC x SURABHI, BGDS x TCH 1819 and ARBC x TSH 0250) (Fig. 5) . In case of ratoon crop, the highest positive standard heterosis was detected for SCY (68.86 % in TSH 04/115 x SVPR 4) while the traits DFF and GOT recorded the lowest values (~5.5 % in BGDS x TSH 0250 and ARBC x SURABHI) (Fig. 6) . Nevertheless, the negative standard heterosis was also observed for all the tested traits except for NB. The maximum negative standard heterosis was detected for NM (-50.74 % in BGDS 1063 x VS 9-S11-1) while the DFF recorded the lowest negligible negative standard heterosis (-0.02 % in BGDS x VS 9-S11-1) (Fig. 6 ). All the hybrids recorded a range of significantly positive and negative heterosis for different traits. Several researchers have reported the significant heterosis for boll weight and GOT, Seed index, lint index 14, 15, 16 . However, negative heterosis is desirable for seed index since the hybrids produce more lint 16 . 
Conclusion
The present study demonstrated that the hybrids are superior to the parents for all the investigated traits. Among the parents, TSH 0499 and TSH 04/115 parents showed a fair performance for yield and yield contributing traits and SURABHI, TSH 0250 and VS 9-S11-1 parents expressed superior ratooning ability. Therefore, these parents have a potential to be exploited for the development of the efficient cotton hybrids. Among the tested F1 hybrids, TSH 0499 x TCH 1777, BGDS 1063 x TCH 1819, TSH 0499 x TCH 1819 and TSH 04/115 x SVPR 4 hybrids documented superior performance for number of bolls, boll weight, lint index and seed cotton yield in first crop, respectively. ARBC 19 x TSH 0250, TSH 0499 x SURABHI, TSH 0499 x TSH 0250 and TSH 0499 x TCH 1705-101 cross combinations exhibited good ratooning ability performance for number of bolls, boll weight, lint index and seed cotton yield, respectively. All the hybrids exhibited a range of significantly positive and negative heterosis for different traits. However, negative heterosis is desirable for seed index since the hybrids produce more lint. The results of this study would provide insights into the understanding of genetic variance present in various intraspecific cotton hybrids.
